Objective: To analyze results of 70 patients undergoing left hepatic trisectionectomy and to clarify its current role. Summary Background Data: Left hepatic trisectionectomy remains a complicated hepatectomy, and few reports have described the long-term results of the procedure. Methods: Short-term and long-term outcomes of 70 consecutive patients who underwent left hepatic trisectionectomy from January 1993 to February 2004 were analyzed. Results: Of the 70 patients, 36 had colorectal liver metastasis, 24 had cholangiocarcinoma, 4 had hepatocellular carcinoma, and the remaining 6 had other tumors. Overall morbidity, 30-day and 90-day mortality rates were 46%, 7%, and 9%, respectively. Multivariate analysis disclosed that preoperative jaundice and intraoperative blood transfusion were positive independent predictors for postoperative morbidity; however, there were no independent predictors for postoperative mortality. Postoperative morbidity (87% versus 35%, P Ͻ 0.001) and mortality (20% versus 5%, P ϭ 0.108) were observed more frequently in patients with preoperative obstructive jaundice than in those without jaundice. Each survival according to tumor type was acceptable compared with reported survivals. Survival for patients with colorectal liver metastasis undergoing left hepatic trisectionectomy with concomitant partial resection of the remnant liver was similar to those without this concomitant procedure. This concomitant procedure was not associated with postoperative morbidity and mortality. Conclusions: Left hepatic trisectionectomy remains a challenging procedure. Preoperative obstructive jaundice considerably increases perioperative risk. Concomitant partial resection of the remaining liver appears to be safe and offers the potential for cure in patients with colorectal metastasis affecting all liver segments. 2 This procedure has enabled the resection of advanced tumors with curative intent. Despite advances in surgical technique and perioperative management, [3] [4] [5] [6] [7] it remains the most challenging of the major anatomic hepatectomies with higher complication rates than other hepatic resection, 8, 9 and worldwide experience remains small. Although several authors have focused on this complicated hepatectomy, 3,4,10 -13 few reports have described the results of large series 14 and long-term follow-up has rarely been considered. 13 In this study, we analyze perioperative features and long-term outcome of 70 consecutive patients undergoing left hepatic trisectionectomy in our hepatobiliary unit. This is the largest series reported to date, and we consider predictive factors for morbidity and mortality, follow-up data, and present an appraisal of the current role of this difficult procedure.
L eft hepatic trisectionectomy (resection of hepatic segments 2, 3, 4, 5, and 8 Ϯ 1) was first described in detail by Starzl as left hepatic trisegmentectomy in 1982 1 and has recently been renamed. 2 This procedure has enabled the resection of advanced tumors with curative intent. Despite advances in surgical technique and perioperative management, [3] [4] [5] [6] [7] it remains the most challenging of the major anatomic hepatectomies with higher complication rates than other hepatic resection, 8, 9 and worldwide experience remains small. Although several authors have focused on this complicated hepatectomy, 3 ,4,10 -13 few reports have described the results of large series 14 and long-term follow-up has rarely been considered. 13 In this study, we analyze perioperative features and long-term outcome of 70 consecutive patients undergoing left hepatic trisectionectomy in our hepatobiliary unit. This is the largest series reported to date, and we consider predictive factors for morbidity and mortality, follow-up data, and present an appraisal of the current role of this difficult procedure.
MATERIALS AND METHODS
From January 1993 to February 2004, 756 hepatectomies (right-sided hepatectomy, n ϭ 362; left-sided hepatectomy, n ϭ 126; central hepatectomy, n ϭ 3; sectionectomy or less, n ϭ 265) have been performed in the HPB and Transplant Unit at St. James's University Hospital in Leeds, UK. Of the 756 patients, 70 (9%) underwent left hepatic trisectionectomy and were enrolled in this study; 69 of the 70 patients were operated on by the senior author (J.P.A.L.). There were 41 male and 29 female patients with a mean age of 57 years, ranging from 30 to 76 years. One of the 70 patients underwent the left hepatic trisectionectomy using the ante-situm technique 15 and the remaining 69 patients underwent resection in standard fashion.
Inevitably, operative techniques have developed with increasing experience. Currently, our technique is as follows, and this is largely as described by Blumgart et al. 3 After mobilization of both the right and left liver, the left portal vein and the left hepatic artery are divided separately at the base of the umbilical fissure. In cases planned for caudate lobe (segment 1) resection, the left portal vein and the left hepatic artery are divided at their origins to interrupt the blood supply to the caudate lobe. The right anterior sectional portal and arterial branches are divided separately by opening the right Glissonian sheath, if possible, or the entire right anterior sectional portal pedicle can be isolated and divided at this stage, staying outside the Glissonian sheath. When the vessels are difficult to identify extrahepatically, they are divided during liver parenchymal transection. The lesser omentum is divided (ligating any accessory left hepatic arterial branches). If the caudate lobe is to be excised, it needs to be mobilized from the inferior vena cava, with ligation or suture of its short hepatic veins. This maneuver can usually be accomplished from the left side, but if there is significant involvement of the caudate lobe with tumor, then it may be necessary to approach the caudate veins from the right. In this case, it is important to preserve any major inferior or middle right hepatic veins which may be draining segment 6. The hepatocaval confluence is most safely approached from the left side: the middle and left hepatic veins can be isolated and slung together for subsequent division by passing behind these structures anterior to the inferior vena cava to emerge between the middle and right hepatic veins. If the right anterior sectional portal vein and hepatic artery have been divided, then the middle and left hepatic veins should be divided immediately, and our usual practice is to use a surgical stapling device. However, in the past or in cases of very difficult access, we have used a 3/0 monofilament polypropylene suture after division between vascular clamps. This division creates 2 distinct advantages: a clear line of demarcation appears at the junction of segments 6 and 7 with 5 and 8; and the extended left liver to be removed becomes considerably more mobile. If the right anterior sectional portal vein and hepatic artery have not been divided, then division of the left and middle hepatic veins must wait until that point in the parenchymal transection, or the extended left liver will become congested resulting in more difficult access and increased blood loss. In some cases, it is necessary to divide and reconstruct the major portal and hepatic arterial structures. This is best done after parenchymal transection to gain access for the reconstruction phase. In cases of perihilar cholangiocarcinoma, as extrahepatic bile duct excision is required, the common bile duct is divided in the head of the pancreas. All other points of biliary division are done during parenchymal transection to prevent bile duct injury. Liver parenchymal transection is done in our center using the CUSA (Valleylab, Inc., Boulder, CO) under low central venous pressure anesthesia (Ͻ5 cm H 2 O), and lifting the right posterior section ventrally to minimize the venous bleeding by reducing the "central venous pressure" within the liver remnant. 16 An intermittent Pringle maneuver is resorted to when the bleeding is considered excessive, 17, 18 and rarely we have used total vascular isolation. 4 Residual vascular and biliary division is done at appropriate stages of the hepatic transection. In cases of perihilar cholangiocarcinoma, it is our usual practice to complete all aspects of the parenchymal transection before division of the segment 6 and 7 hepatic ducts, lifting the extended left liver, dropping the right posterior section back to divide the ducts as far away from the tumor as possible. In cases of metastasis, it is our practice to retain the hepatic duct confluence, dividing the segment 1, 2/3, 4, and 5/8 ducts individually to avoid biliary injury. In cases with bile duct resection, reconstruction between the right posterior sectional bile duct or the segment 6 and 7 bile ducts and the jejunum is performed by Roux-en Y hepaticojejunostomy. Preoperative clinical data, operation and pathology reports, postoperative complications, and long-term survival were reviewed. Continuous variables were expressed as mean Ϯ SD and compared using the unpaired t test for univariate analyses. Categorical variables were compared by the 2 test or the Fisher exact test, where appropriate. Multivariate analyses were done using the logistic regression model (forward stepwise method) to determine independent predictors of outcome. Long-term survival was calculated using the Kaplan-Meier method and compared by the logrank test. A P value less than 0.05 was considered to indicate statistical significance.
RESULTS
Of the 70 patients, 31 had primary liver tumor (intrahepatic cholangiocarcinoma, n ϭ 11; perihilar cholangiocarcinoma, n ϭ 13; hepatocellular carcinoma, n ϭ 4; primary carcinoid tumor, n ϭ 2; sarcoma, n ϭ 1), while 39 had liver metastases (colorectal cancer, n ϭ 36; esophageal cancer, n ϭ 1; duodenal carcinoid, n ϭ 1; small bowel carcinoid, n ϭ 1) ( Table 1) . Fifteen patients had preoperative obstructive jaundice and biliary drainage was performed in 11 patients whose serum total bilirubin level was in excess of 300 mol/L (normal range, 3-19 mol/L) at presentation (endoscopic retrograde drainage, n ϭ 6; percutaneous transhepatic drainage, n ϭ 5). The latest serum total bilirubin level before surgery was 29.2 Ϯ 54.8 mol/L, ranging from 2 to 286 mol/L in all patients. No patient underwent preoperative portal vein embolization.
Concomitant caudate lobe resection, extrahepatic bile duct resection and lymphadenectomy were performed in 40 (57%), 29 (41%), and 25 (36%) of the 70 patients, respectively ( Table 1) . Most of patients with intrahepatic or perihilar cholangiocarcinoma underwent those concomitant resections. Sixteen (44%) of the 36 patients with liver metastases from colorectal cancer also underwent concomitant partial resection of the remnant right posterior hepatic section for multiple metastases (Fig. 1) . Combined portal vein resection and reconstruction was carried out in 9 patients with cholangiocarcinoma and 1 with liver metastasis from colorectal cancer. Other organs were involved by primary or secondary tumors and resected in 6 patients (partial gastrectomy, n ϭ 1; pancreatoduodenectomy with total gastrectomy, n ϭ 1; partial resection of the small bowel, n ϭ 1; colectomy, n ϭ 2; partial duodenectomy and colectomy, n ϭ 1). Tumor thrombus extending into the right atrium was removed in another patient and 1 patient underwent right oophorectomy for an ovarian cyst. The average operation time was 347 Ϯ 145 minutes (range, 90 -665 minutes) and the median amount of intraoperative blood transfusion was 2 units (range, 0 -20 units) with 40 patients (57%) requiring transfusion.
Of the 70 patients, 32 (46%) had postoperative complications (Table 2 ). Transient liver failure was the most common complication (n ϭ 12, 17%), which was followed by intra-abdominal bleeding (n ϭ 6, 9%) and bile leak (n ϭ 6, 9%). Relaparotomy was performed in 10 patients because of 
Annals of Surgery • Volume 242, Number 2, August 2005
Left Hepatic Trisectionectomy intra-abdominal bleeding (n ϭ 5), bile leak (n ϭ 2), portal vein thrombosis (n ϭ 1), bowel obstruction (n ϭ 1), or wound dehiscence (n ϭ 1). Six patients (9%) died following postoperative complications (Tables 2, 3 ). Five patients died within 30 days of surgery (7%) and the sixth died at 40 days. No other deaths occurred within 90 days of surgery, so we have classed all 6 deaths as hospital mortality (9%) for the purposes of comparisons. Four of those 6 patients had preoperative obstructive jaundice due to cholangiocarcinoma and the remaining 2 patients had liver metastases from colorectal cancer. All of the 6 patients who died had required intraoperative blood transfusion. Five patients had more than 2 postoperative complications. The overall postoperative hospital stay was 17 Ϯ 12 days (range, 5-59 days). Six preoperative and 10 intraoperative variables were analyzed for postoperative morbidity. By univariate analyses, diagnosis of cholangiocarcinoma, preoperative jaundice, solitary tumor, longer operation time, a larger amount of intraoperative blood transfusion, concomitant caudate lobe resection, extrahepatic bile duct resection, lymphadenectomy, and portal vein resection were statistically significantly associated with postoperative morbidity (Table 4) . Multivariate analysis by a logistic regression model was performed using those 9 variables and concomitant partial resection of the right posterior section. As the result, preoperative jaundice and intraoperative blood transfusion were the positive independent predictors of postoperative morbidity (Table 5) . Thirteen preoperative and intraoperative variables and 6 postoperative variables were analyzed for postoperative mortality. By univariate analysis, solitary tumor, postoperative liver failure, renal failure, sepsis, portal vein thrombosis, and upper gastrointestinal bleeding were associated with mortality (Table 6). However, multivariate analysis using those 6 variables failed to disclose any independent predictors.
After the left hepatic trisectionectomy, 9 patients underwent a total of 13 reoperations for radiologic recurrent disease after 4 to 43 months of survival (Table 7) . Of the 9 patients, 5 had liver metastases from colorectal cancer, 3 had intrahepatic cholangiocarcinoma, and the remaining 1 had primary carcinoid of the liver. This latter patient is reported in a recent series from our center. 19 Partial resection of the remnant liver was performed in 4 patients and liver transplantation in 2 patients. Wedge resection of the lung was done in 3 patients. One patient underwent resection of periportal lymphadenopathy and resection of peritoneal deposits, Jaundice, preoperative obstructive jaundice; Size, largest size of tumor; Time, operation time; BTF, intraoperative red blood cell transfusion; LMCR, liver metastasis from colorectal cancer; PHCC, perihilar cholangiocarcinoma; ICC, intrahepatic cholangiocarcinoma; S1, caudate lobe resection; EBD, extrahepatic bile duct resection; lymph, lymphadenectomy; PV, portal vein resection and reconstruction; LF, liver failure; RF, renal failure; PVT, portal vein thrombosis; ICB, intracranial bleeding; RHVT, right hepatic vein thrombosis; GIB, gastrointestinal bleeding; IAB, intra-abdominal bleeding; WD, wound dehiscense. which were found at laparotomy for raised CEA. Histologic examination revealed that those deposits were adenocarcinoma, although the lymph nodes were cancer negative. Currently, this patient remains disease free after a further 9 months of follow-up. Four of the 9 patients underwent 2 reoperations. As results, 7 of the 9 patients were alive with follow-up period ranging from 14 to 67 months after the left hepatic trisectionectomy (2-41 months from last surgery) and 2 of those patients have survived more than 5 years.
Survival curves according to diseases are shown in Figure 2A . Two of 4 patients with hepatocellular carcinoma survived more than 5 years. The 1-, 3-, and 5-year survival rates for patients with intrahepatic cholangiocarcinoma were 73%, 11%, and 11%, respectively. As 10 of 13 patients with hilar cholangiocarcinoma underwent surgery after January 2002, there were only 3 2-year survivors and the predicted 2-year survival rate is 59%. The 1-, 3-, and 5-year survival rates for patients with colorectal metastasis were 85%, 48%, and 40%, respectively, and the median survival for these patients was 32 months. The patients with liver metastases from colorectal cancer were divided into 2 groups according to those with or without concomitant partial resection of the right posterior section (Fig. 2B) . Survivals for the patients of the 2 groups were similar to each other.
DISCUSSION
Although several surgeons have reported on this complicated procedure, most of them have experienced less than 20 patients. 4,10 -12 Only one report, from the Memorial Sloan-Kettering Cancer Center, has described the results of a large series: 51 patients. 14 However, this report failed to disclose any independent predictors for postoperative morbidity and mortality. In contrast, multivariate analysis in our series disclosed that preoperative obstructive jaundice and Jaundice, preoperative jaundice before drainage; Blood transfusion, intraoperative homologous blood transfusion; S1, concomitant caudate lobe resection; EHBD, concomitant extrahepatic bile duct resection; S6 -S7, concomitant partial hepatic resection of right posterior section; PV, concomitant portal vein resection; HA, concomitant hepatic artery resection; IVC, concomitant inferior vena cava resection; Other, other additional procedures.
*Statistical difference. Jaundice, obstructive jaundice at presentation; Blood transfusion, intraoperative homologous blood transfusion.
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Left Hepatic Trisectionectomy Wedge resection of the lung 14Mo alive without recurrence Duration, duration between left hepatic trisectionectomy and reoperation; ICC, intrahepatic cholangiocarcinoma; CAL, primary carcinoid of the liver; LMCR, liver metastasis from colorectal metastasis; RFA, radiofrequency ablation of the remnant liver.
Note that duration in Outcome expresses follow up period from left trisectionectomy. Jaundice, preoperative jaundice before drainage; Blood transfusion, intraoperative homologous blood transfusion; S1, concomitant caudate lobe resection; EHBD, concomitant extrahepatic bile duct resection; S6 -S7, concomitant partial hepatic resection of right posterior section; PV, concomitant portal vein resection; PV thrombosis, portal vein thrombosis; GI bleeding, upper gastrointestinal bleeding; IA bleeding, intraabdominal bleeding. *Statistical difference.
intraoperative blood transfusion were independent predictors of postoperative morbidity ( Table 5 ). The difference might result from the number of the patients and distribution of diseases. In our series, 24 (34%) of the 70 patients had biliary cancer and 15 (21%) had preoperative obstructive jaundice (Table 1) , whereas 5 (10%) of the 51 patients had biliary cancer and 5 (10%) had obstructive jaundice in the Memorial Sloan-Kettering Cancer Center series. Concomitant caudate lobe resection (57% versus 35%), extrahepatic bile duct resection (41% versus 12%), partial resection of the remnant liver (26% versus 8%), and portal vein resection (14% versus 6%) were performed on more patients in our series. Despite this, postoperative morbidity (46% versus 53%) and mortality rates (9% versus 8%) were similar. Several authors have stressed that hyperbilirubinemia and cholangitis are strongly associated with increased inhospital mortality, 9, 20 and preoperative obstructive jaundice was one of the independent predictors of postoperative complications in our series ( Table 5 ). The wide confidence interval is mainly due to the large relative risk and partly due to the small number of jaundiced patients. Actually, postoperative morbidity (87% versus 35%, P Ͻ 0.001) and mortality (20% versus 5%, P ϭ 0.108) were observed more frequently in patients with preoperative obstructive jaundice than in (Tables 4, 6 ). From our results, unfortunately left hepatic trisectionectomy may not be considered safe for patients with obstructive jaundice. However, the long-term outcome of the patients with cholangiocarcinoma was acceptable compared with reported outcomes, despite the advanced stage of patients in our series who had required left trisectionectomy. [21] [22] [23] [24] [25] [26] Although Neuhaus et al 21 stressed superiority of the right hepatic trisectionectomy for hilar cholangiocarcinoma, the outcome was similar between the right and left hepatic trisectionectomies carried out in our center during this study period (Fig. 2C) . Vauthey et al 13 also found similar outcomes for these 2 extended procedures. Therefore, this procedure should be also indicated for selected patients with obstructive jaundice, but probably using some additional procedures in an attempt to prevent postoperative complications. Although portal vein embolization and bile replacement have not been carried out in our series, some authors have described the possibility of these procedures for preventing liver failure and sepsis. 5, 6, 27, 28 To reduce perioperative risk, it is possible that these potentially helpful procedures should be adopted.
Intraoperative blood loss could not be analyzed because it is not routinely accurately calculated in our hospital. However, the amount of blood transfusion, which we found to be an independent predictor for postoperative morbidity, inevitably correlates with the amount of intraoperative blood loss, and this reflects operative difficulty. A large amount of blood loss and subsequent homologous blood transfusion in hepatectomy can increase the incidence of postoperative complications. 29 -31 Furthermore, homologous blood transfusion carries with it the potential risk of an immunosuppressive effect and may adversely affect the prognosis of patients with gastrointestinal carcinomas. [31] [32] [33] Extended hepatic resection is associated with a higher risk to require blood transfusion. In our series, 40 (57%) of the 70 patients received homologous blood transfusion with a median amount of 2 units. Some workers have suggested that autologous blood donation may be an option, although its benefit in hepatectomy remains controversial. 31, 34, 35 In our series, reoperation has been performed aggressively even in patients with recurrent tumors after extensive hepatic resection. As a result, a total of 13 reoperations were carried out in 9 (13%) patients (Table 7) . Partial resection of the remnant liver was done 5 times in 4 patients. Liver transplantation was performed in 2 patients with intrahepatic cholangiocarcinoma, 1 of whom has survived more than 5 years without recurrence. Although liver transplantation for recurrent tumor is controversial, especially for cholangiocarcinoma, 21,22,36 -38 this patient could not have survived without liver transplantation. Our data suggest that further surgery should be considered whenever patients have recurrent tumor after left trisectionectomy to offer potential long-term survival.
The survival for patients with hepatocellular carcinoma, intrahepatic or perihilar cholangiocarcinoma, or liver metastasis from colorectal cancer is acceptable in comparison with reported survivals (Fig. 2A) . 11,12,21-26,39 -42 Recently, Vauthey et al 13 have found that the need to perform radiofrequency ablation for additional disease in the remaining unresected segment of liver after right or left trisectionectomy was associated with a poor outcome. In contrast, in our study, survival for patients with liver metastasis from colorectal cancer who underwent left hepatic trisectionectomy with concomitant partial resection of the right posterior section was similar to those without the concomitant procedure (Fig.  2B) . Furthermore, concomitant partial resection of the remnant liver was not associated with an increase in postoperative complications or mortality (Tables 4, 6 ). Our data suggest that combined left hepatic trisectionectomy and partial resection of the remnant liver can be a useful surgical option in patients with multiple colorectal metastases affecting all segments of the liver.
Collectively, left hepatic trisectionectomy remains a challenging procedure. Preoperative obstructive jaundice considerably increases perioperative risk. Concomitant partial resection of the remaining liver appears to be safe and offers the potential for cure in patients with colorectal metastasis affecting all liver segments.
